Abstract. Sea breeze initiated convection and precipitation is investigated along the east coast of India during the Indian southwest monsoon season. The sea breeze circulations are observed approximately 70 to 80% of the days during the summer months (June to August) along the Chennai coast. Observations of average sea breeze wind speeds are stronger at a rural location as compared to the wind speeds observed inside the urban region of Chennai.
Introduction
Sea breeze circulations occur along coastal regions due to the contrast between surface temperatures over land and water. Temperatures increase at a faster rate over land than over the ocean during the daytime due to the heat capacity of water. The sea breeze phenomenon has a direct effect on weather patterns such as daytime temperature and precipitation. Agriculture and local economies are both influenced by precipitation caused by the sea breeze along coastal regions. Over half of the global population (3.2 billion) lives within 200 km of the coastline. A large portion of this population lives in the tropics and mid latitudes making the sea breeze an important phenomenon to understand. Evolution of the sea breeze is also important in forecasting severe weather events (Blanchard and Lopez 1985) and the transport of pollution along coastal regions (Rhome et al. 2002) .
Several factors influence the strength of the sea breeze and convection resulting from convergence along the sea breeze front. Shape of the coastline has been shown to affect the amount of inland convergence associated with the sea breeze. Convex coastlines have been shown to enhance inland convergence and increase convective development related to the sea breeze (Pielke 1974; Boybeyi and Raman 1992) . McPherson (1970) showed that increased sea breeze divergence occurs along concave coastlines. Numerical modeling studies of the interaction between the curvature of the coastline and soil moisture variability revealed heavy precipitation occurred along the sea breeze front near regions of high soil moisture (Baker et al. 2001) .
Observational and modeling studies show the mean wind flow is important in determining the intensity of the cumulus convection associated with sea breezes on summer months (Pielke and Cotton 1977) . When the mean low-level wind is in the same direction as the sea breeze, weaker convergence is observed inland along the sea breeze front (Boybeyi and Raman 1992; Atkins and Wakimoto 1997) . Gilliam et al. (2004) showed sea breeze fronts to propagate furthest inland when light wind flow regimes are present.
Urban environments near the coast have been shown to influence the timing and evolution of the sea breeze. The horizontal wind speed over Tokyo was increased by 2.3 m s -1 relative to the pure sea breeze by the urban heat island (Yoshikado 1992) . Numerical modeling has shown that the interaction of an urban heat island and the sea breeze front can result in enhanced convective forcing (Kusaka et al. 2000; Ohashi and Kida 2002) . Regions of enhanced vertical motion occur in a convergence zone between the sea breeze front and the urban heat island circulation (Yoshikado 1994) .
Chennai (13.0°N, 80.2°E) is located in the near equatorial coastal region along the east coast of India as shown in Figure 1a . During the Indian southwest monsoon, which typically extends from June to September, wide-spread rainfall is observed along the west coast of India and over the northern plains. Large amounts of rain are observed along the west coast due to frictional convergence, orographic lift caused by nearby mountains (western Ghats), and the moisture laden marine air mass advected onshore by the southwest monsoon winds. Monsoon troughs and the development of tropical depressions cause a large amount of rainfall along the northern plains of India. However, the southeast coast of India is in a "rain shadow" region during the Indian southwest monsoon. There are no large scale weather systems present during the southwest monsoon to cause rainfall over Chennai and the southeast coast. The Indian southwest monsoon is marked by mostly clear skies and warm air temperatures over Chennai. A strong contrast in the land and the ocean (Bay of Bengal) surface temperatures is observed along the east coast during the southwest monsoon. (Prabha et al. 2002) . Frequently, this convergence zone initiates convection along the sea breeze front and produces significant rainfall along the east coast of India during the southwest monsoon. Objective of this paper is to study the frequency of the sea breeze along the east coast of India during the Indian southwest monsoon and the effect of the sea breeze circulation on rainfall variations.
Data
Observations of wind speed, wind direction, surface temperature, humidity, and 
Discussion of Results

Sea breeze
Influence of the sea breeze results in a daytime wind shift and increase in wind speed along the east coast of India. The diurnal variation of wind speed ( days. On average, there was a sea breeze observed over Chennai 68% of the days during June, 61% of the days during July, and 58% of the days during August for these 16 years.
There is also a large inter annual variation in the number of days with sea breeze over 
2 Sea breeze induced rainfall
Precipitation amounts over Chennai during the summer months appear to be most Rainfall initiated by thermal instability inland that moves towards the coast may also account for a portion of the non sea breeze induced rainfall. The average monthly rainfall total over Meenambakkam during July was 108 mm, with 72 mm of the rainfall occurring on days with a sea breeze (Figure 7b ). The sea breeze was responsible for roughly 70% of the rainfall observed over Meenambakkam during July. Average monthly total rainfall during August was 145 mm, which was much larger than average rainfall observed during June and July (Figure 7c ). Around 91 mm of rainfall occurred on average during August with a sea breeze present accounting for around 63% of the total rainfall. This percentage of sea breeze initiated rainfall was slightly lower than observed during June and July.
Influence of the sea breeze on average rainfall amounts over Tambaram during June, July, and August was also studied. June total rainfall amounts (black column) and rain occurring when a sea breeze is observed (grey column) during the period 1987 to 1997 over
Tambaram are shown in Figure 8a . The average June rainfall was 95 mm while the maximum and minimum yearly rainfall during the study period was 217 and 3 mm, respectively. On average, 74 mm (or 78%) of the June rainfall occurred on days when a sea breeze was observed. Rainfall amounts over Tambaram during July are similar to those in June as shown in Figure 8b . The average total rainfall during July was 95 mm, while the yearly maximum was 206 mm and the minimum was 34 mm. Around 76 mm of rain (80% of total rain) occurred each year during July when a sea breeze was observed. This percentage is comparable to what is observed during June. Average rainfall amounts increased slightly over Tambaram during August as shown in Figure 8c . The average rainfall during July increased to 102 mm. The yearly maximum rainfall during August was 267 mm and the minimum was 36 mm. Percentage of rain occurring when a sea breeze was observed dropped to 75% during August. Total rainfall amounts were near constant during the summer months over Tambaram and the percentage of rain occurring due to the sea breeze held steady at around 75%.
Conclusions
A well developed sea breeze circulation is frequently observed along the east coast of 
